uring the past decade, outstanding progress in the areas of congenital and limbgirdle muscular dystrophies has led to staggering clinical and genetic complexity. With the identification of an increasing number of genetic defects, individual entities have come into sharper focus and new pathogenic mechanisms for muscular dystrophies, like defects of posttranslational O-linked glycosylation, have been discovered. At the same time, this progress blurs the traditional boundaries between the categories of congenital and limbgirdle muscular dystrophies, as well as between limb-girdle muscular dystrophies and other clinical entities, as mutations in genes such as fukutin-related protein, dysferlin, caveolin-3 and lamin A/C can cause a striking variety of phenotypes. We reviewed the different groups of proteins currently recognized as being involved in congenital and limb-girdle muscular dystrophies, associated them with the clinical phenotypes, and determined some clinical and molecular clues that are helpful in the diagnostic approach to these patients.
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Arch Neurol. 2004; 61:189-199 Muscular dystrophies were first recognized as a disease entity with the detailed description of the clinical presentation of Duchenne muscular dystrophy in 1852 and thereafter. 1,2 About 50 years later, Batten 3 published the first case reports of a congenital form of muscular dystrophy (CMD). Unlike the Duchenne-Becker phenotype, 2 in patients with CMD weakness and dystrophic changes in muscle biopsy specimens are present at birth, but they tend in many cases to be considerably less progressive than in patients with the Duchenne form. The term limb-girdle muscular dystrophy (LGMD) was introduced in the mid20th century when it became obvious that there was an additional major group of noncongenital muscular dystrophies different from the X-linked Duchenne-Becker and autosomal dominant facioscapulohumeral forms. 4 Accordingly, LGMD currently comprises clinical phenotypes with progressive weakness, onset in the limbgirdle muscles, and histologic evidence of a dystrophin-positive muscular dystrophy. The age at onset may range from early childhood to late adulthood. 5 During the past decade, exciting progress has been made in the field of CMD and LGMD, emphasizing differences as well as commonalities between them. After further careful clinical delineation of phenotypes in particular within CMD, advances in genetic and histochemical characterization have led to the identification of numerous molecularly defined subtypes of muscular dystrophy based on the involved genes and proteins. This has brought individual clinical entities into sharper focus, but has also blurred the boundaries between the traditional categories of muscular dystrophy. For example, it has now been recognized that mutations in the same protein can give rise to very different phenotypes. Fukutinrelated protein (FKRP) mutations can manifest with variable severity ranging from a severe CMD (including type 1C, CMD with cerebellar cysts, and WalkerWarburg syndrome) to a milder adultonset LGMD (type 2I). [6] [7] [8] [9] [10] [11] Dysferlinopathies can present as a classic LGMD phenotype (type 2B), as a distal muscular dystrophy (Miyoshi type), or as mixed phe-notypes. 12, 13 Mutations in lamin A/C have an even wider spectrum of phenotypes associated with them. [14] [15] [16] [17] [18] [19] [20] In this review, we will focus on entities within the scope of CMD and LGMD, as progress in these areas has led to staggering clinical and genetic complexity. We will briefly introduce the different groups of proteins currently recognized as being involved in CMD and LGMD before we associate them in a second step with the clinical phenotypes. Finally, we offer some clinical and molecular clues that are helpful in the diagnostic approach to these patients.
THE MOLECULAR PLAYERS

Dystrophin-Associated and Membrane-Based Proteins
The discovery of dystrophin as the protein deficient in Duchenne and Becker muscular dystrophy 21 has led to the recognition of a multimeric protein complex associated with dystrophin (dystrophin-associated proteins) (for review see Blake et al 22 ). This complex can be subdivided further into 2 transmembrane (dystroglycan and sarcoglycan-sarcospan) and 1 intracellular (dystrobrevinsyntrophin) complex (Figure) .
The dystroglycan complex forms an important link from the actin cytoskeleton via dystrophin to the basal lamina and extracellular matrix proteins, in muscle most importantly to laminin-2. Other ligands are known, such as neurexin, in the nervous system. 24 Although mutations of dystroglycan itself in humans have not been found, alterations of its posttranslational modification as well as mutations in its main extracellular ligand laminin-2 give rise to diverse forms of LGMD and CMD. O-mannoselinked glycosylation is a rare form of posttranslational modification of mammalian proteins, but it seems to be specifically perturbed in ␣-dystroglycan in a number of disorders. 25 Abnormal glycosylation appears to decrease or abolish ␣-dystroglycan's binding affinity for known interacting proteins of the extracellular matrix (eg, laminin and neurexin). 24 So far, 5 different known or putative glycosyltransferases or proteins involved in these pathways 6, [25] [26] [27] [28] (Table 1) have been shown to cause mainly CMDs in humans (for review see Michele and Campbell 35 ). Abnormal ␣-dystroglycan likely is responsible for most of the observed aspects of these disorders, but it is unclear whether other target proteins could also be underglycosylated and contribute to the pathogenesis of the disease.
In contrast, the sarcoglycan-sarcospan complex is mainly involved in the pathogenesis of LGMD phenotypes (LGMD2C-F). 36 In muscle, the major sarcoglycan complex consists of the subunits ␣-, ␤-, ␥-, and ␦-sarcoglycan, all 4 of which can be mutated in forms of LGMD. [37] [38] [39] [40] [41] Additional sarcoglycans (⑀, ) are also known to be expressed in other tissues. Mutations in ⑀-sarcoglycan cause myoclonus-dystonia syndrome. 42 Possible functions of the complex are still speculative and range from structural support of the nearby dystroglycan complex to roles in signaling and cell survival. 22 Sarcospan is a transmembrane protein intimately associated with the sarcoglycan complex, which is markedly reduced in cases of sarcoglycan deficiency. 43 However, no primary sarcospan mutations associated with human disease have come to light as yet.
The dystrobrevins and syntrophins are known cytoplasmic interactors of dystrophin and may be implicated in various signaling processes, eg, as a scaffold for signaling proteins and receptors. 44 Although a mouse model for ␣-dystrobrevin deficiency shows a mild muscular dystrophy, 45 so far no disease-causing mutations in humans are known for this group of proteins. Caveolin-3 is a small muscle-specific transmembrane protein with multiple binding activities. Like other members of the caveolin family, it might function as a molecular facilitator to organize signaling complexes 46 and sodium channels. 47 The latter function might contribute to the pathogenesis of cases of rippling muscle disease caused by mutations in caveolin-3. 48, 49 Dysferlin is a large membrane-based protein separate from the dystrophin-associated proteins that includes a large intracellular domain with 6 C2 domains. Similar to the related Caenorhabditis elegans spermatogenesis factor fer-1 (from which the name is derived), dysferlin presumably is involved in calcium-dependent membrane fusion and repair by regulating vesicle fusion with the membrane. 50 The impaired muscle mem- brane repair in the absence of dysferlin might be a key factor in the pathogenesis of dysferlinopathies (LGMD2B and Miyoshi muscular dystrophy).
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Extracellular Matrix
As mentioned earlier, laminin-2 (merosin) is the most important extracellular ligand of ␣-dystroglycan in muscle. Posttranslational processing defects of ␣-dystroglycan disturbing this interaction have already been pointed out as an important cause of various forms of muscular dystrophy. Mutations in the gene encoding the laminin-␣2 chain cause one of the most common single forms of CMD (type 1A, or CMD with primary merosin deficiency).
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Collagen VI is a component of the extracellular matrix that does not directly belong to the group of dystrophinassociated proteins. It is unique among the collagens in that it forms beaded microfibrils 56 and is closely associated with cells and the basal lamina. 57 Mutations in collagen VI underlie both the milder Bethlem myopathy 58 and the more severe CMD type Ullrich. [59] [60] [61] [62] Disturbed interactions of collagen VI with the basal lamina might be a possible pathomechanism, but the precise role and function of collagen VI are still unclear.
Contractile Apparatus
Several sarcomeric proteins, mostly associated with thin filaments, are known to be involved in nemaline myopathy, 63 whereas components of the thick filaments (myosin heavychain genes) are associated with hypertrophic cardiomyopathy, distal myopathy, and hyaline body myopathy. However, it has now become apparent that there is an important but rare group of "sarcomeric LGMDs" as well. So far, relevant molecules include the Z-disc-associated proteins telethonin (LGMD2G) 64 and myotilin (LGMD1A), 65 and the M-line-associated protein titin (LGMD2J). Heterozygous mutations in titin can cause a dominantly inherited lateonset distal muscular dystrophy. 66 
Nuclear Membrane
Lamin A/C is a multifunctional intermediate filament of the inner nuclear membrane that has so far been shown to be involved in a range of quite divergent but also overlapping phenotypes, including Emery-Dreifuss muscular dystrophy (EDMD), 14 cardiomyopathy with conduction system disease, 15 autosomal recessive axonal polyneuropathy (CMT2), 17 mandibuloacral dysplasia, 16 Hutchinson-Gilford progeria syndrome, 18, 19 and atypical Werner syndrome, 20 as well as rare cases of autosomal dominant LGMD. 67 It interacts with emerin and may regulate chromatin structure, thereby influencing gene expression.
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Enzymes and Others
In addition to the known and putative enzymes involved in posttranslational glycosylation of ␣-dystroglycan, 2 additional enzymes, namely, the muscle-specific neutral protease calpain-3 69, 70 and tripartite motifcontaining protein 32 (TRIM32), an enzyme possibly involved in ubiquitination, 71 have been identified by positional cloning as causative of LGMD2A and LGMD2H, respectively. However, the exact pathway by which these mutations cause muscular dystrophies still has to be elucidated. Selenoprotein N (SEPN1), which causes rigid spine muscular dystrophy 72 and the classic form of multiminicore disease, 73 belongs to the family of selenoproteins, but no function has been assigned to it yet. 
THE PHENOTYPES: CMD
The CMDs are a group of genetic disorders in which weakness and abnormal muscle histologic features are present at birth. Muscle weakness tends to be more stable overall, depending on the individual disease, but complications of the dystrophy can become more prominent over time. To establish a diagnosis of CMD, a muscle biopsy is required. Pathological findings include variation in fiber size, internal nuclei, and increased endomysial and fatty tissue. 74 Signs of ongoing degeneration and regeneration may be less prominent than in lateronset muscular dystrophies (eg, Duchenne-Becker or sarcoglycanopathies). Serum creatine kinase concentrations are variable and can also be normal. The mode of inheritance for most CMDs is autosomal recessive with significant genetic heterogeneity. The worldwide incidence of congenital muscular dystrophies is not known, but for northeast Italy it has been estimated at 4.7/ 100000. 75 Although the abbreviation CMD is widely used for congenital muscular dystrophies, in the HUGO (Human Genome Organisation) nomenclature this abbreviation has already been assigned to cardiomyopathy, dilated. Therefore, in the HUGO nomenclature MDC for muscular dystrophy, congenital is used instead.
For a useful clinical approach, CMD can be segregated in subgroups with normal mental development or mental retardation. Magnetic resonance imaging of the brain is indispensable in the clinical approach to CMD, as it may show abnormalities of brain formation and neuronal migration or changes in the white matter, or it may be completely normal. Although this clinical approach does not completely coincide with a classification according to the involved proteins, most of the forms with abnormalities of brain formation that have been defined on a molecular level show alterations of ␣-dystroglycan O-linked glycosylation, while mutations of laminin-2 and other proteins of the extracellular matrix generally allow normal mental development, even though abnormalities of the white matter are seen in laminin-2 mutations.
CMD With Normal Mental Development
The largest subgroup in this category consists of patients with a primary laminin-2 (merosin) deficiency due to mutations in the laminin-␣2 chain (MDC1A). [52] [53] [54] [55] These patients mostly present at birth or during the first month of life with muscular hypotonia, contractures, and respiratory and feeding problems. Facial weakness is often prominent and motor development is markedly delayed, precluding independent ambulation. Most patients develop respiratory insufficiency requiring ventilatory support during the first decade of life. Although cognitive function is usually normal, T2-weighted magnetic resonance imaging of the brain by 6 months of age almost always shows abnormalities of the white matter. A small minority of patients show structural brain changes in the form of occipital pachygyria or agyria, which is associated with mental retardation and epilepsy. However, epilepsy is also found in about one third of patients without such structural brain abnormalities. 53 Electrophysiologically, most children show a demyelinating motor neuropathy, since laminin-␣2 normally is also expressed in Schwann cells. 76 Partial deficiency of laminin-␣2 can lead to milder phenotypes up to a LGMDlike presentation. However, white-matter abnormalities and a mild demyelinating peripheral neuropathy are features even in mild cases of lamininopathy. 77 A related clinical phenotype is shared by a group of patients with mutations in FKRP, a putative glycosyltransferase involved in the posttranslational O-mannoselinked glycosylation of ␣-dystroglycan, leading to a variable secondary deficiency of laminin-2 (MDC1C). 6, 10 As mentioned before, mutations in the same gene can also cause an LGMD phenotype. Divergent and therefore useful clinical features in the CMD group include the presence of pseudohypertrophy of leg and other muscles and evidence of left ventricular dilative cardiomyopathy in many patients, as well as the absence of white-matter abnormalities and peripheral neuropathy. 6, 10 Very recently, the phenotypic spectrum of this entity has been widened with the identification of homozygous FKRP mutations in 2 unrelated patients with CMD who also had cerebellar cysts and mental retardation 78 and 1 patient with the severe phenotype of Walker-Warburg syndrome. 7 Ullrich muscular dystrophy (UCMD) defines a distinct group of patients with CMD with normal brain development. Clinically it is characterized by generalized muscle weakness and striking hypermobility of distal joints in conjunction with variable contractures of more proximal joints. 79 Additional findings may include kyphoscoliosis, protruded calcanei, and follicular hyperkeratosis. Although in the classic presentation the disease is severe, precluding or leading to early loss of ambulation, considerably milder presentations have now also been recognized. 60 A number of patients with UCMD were shown to be deficient in collagen type VI on the basis of autosomal recessive mutations in all 3 ␣-chain genes. [59] [60] [61] [62] Autosomal dominant mutations of collagen VI are known to cause the milder phenotype of Bethlem myopathy. 58 However, recently it has been shown that a dominant mutation may also underlie the severe phenotype of UCMD. 62 In addition, there is evidence of further genetic heterogeneity underlying the phenotype of UCMD, as involvement of collagen VI was excluded by immunohistochemistry or linkage analysis in a number of patients with the clinical characteristics reminiscent of UCMD. 80 The category of CMD with rigid spine is characterized by early rigidity of the spine and a restrictive respiratory syndrome. These signs are often preceded by hypotonia in the first months of life and predominantly axial muscle weakness. However, independent ambulation is normally achieved before 18 months of age. A considerable number of patients with this phenotype show mutations of selenoprotein N. 81 Selenoprotein N mutations have now also been described in patients with the classic form of multiminicore disease, 73 indicating significant overlap with one of the classic congenital myopathies. Conversely, corelike structures can sometimes also be seen in biopsy specimens from patients with CMD with rigid spine. 73 Thus, these disorders represent a morphologic spectrum with similar clinical phenotypes and are also referred to as selenoprotein N-related myopathies.
CMD With Abnormal Brain Development and Mental Retardation
The main phenotypes in this group have been delineated on clinical grounds and include Fukuyama CMD, 82 muscle-eye-brain disease, 83, 84 and Walker-Warburg syndrome, 85 but variations and overlap phenotypes are not uncommon. All 3 of these syndromes are caused by mutations in genes encoding distinct glycosyltransferases and related proteins involved in the posttranslational modification of ␣-dystroglycan [25] [26] [27] (Table 1) . Common characteristics include severe muscular dystrophy, neuronal migration defects including lissencephaly type II (cobblestone complex), pachygyria, cerebellar and brainstem abnormalities, and variable ocular anomalies.
Fukuyama CMD is mainly found in the Japanese population and is characterized by congenital weakness, profound delay of motor development mostly precluding independent ambulation, and severe mental retardation. Typical findings on cerebral imaging include abnormal gyral formation as outlined above, a flat brainstem, and cerebellar hypoplasia. 82 A first non-Japanese case has now also been described. 86 Muscle-eye-brain disease was first described in Finland, where it is most prevalent. In addition to severe congenital muscular dystrophy and brain malformation such as lissencephaly II-pachygyria and cerebellopontine hypoplasia, this syndrome presents with more severe ocular abnormalities including severe congenital myopia, congenital glaucoma, pallor of the optic discs, and retinal hypoplasia. 83, 84 Walker-Warburg syndrome generally presents the most severe brain involvement and is lethal either prenatally or within the first years of life. The morphologic features are altogether more severe than what is found in muscle-eye-brain disease and in addition may include congenital cataracts, microphthalmia, hydrocephalus, occipital encephalocele, fusion of the hemispheres, and absence of the corpus callosum. 85 However, with the identification of the involved genes in these 3 syndromes, it has also been recognized that the phenotypic spectrum and the regional distribution for individual genetic defects are probably wider than previously assumed, thus blurring the boundaries between the clinically defined entities. 87 Muscle-eye-brain disease and Walker-Warburg syndrome in particular are genetically very heterogeneous.
Additional clinical phenotypes of congenital muscular dystrophy with mental retardation are coming to light, often on a single-family basis (Table 1) . A number of these appear to show abnormalities in ␣-dystroglycan immunostaining and immunoblot, suggesting that they may also fall within the same pathway of O-mannoselinked glycosylation of ␣-dystroglycan.
LIMB-GIRDLE MUSCULAR DYSTROPHY
The term LGMD is used for all noncongenital muscular dystrophies with progressive proximal weakness that are not caused by a primary dystrophin deficiency. Onset, progression, and distribution of weakness vary considerably among patients and genetic subtypes. 5 As in CMD, a muscle biopsy usually is necessary to confirm the presence of dystrophic changes, including evidence of degeneration and regeneration, and also to differentiate
LGMD from other causes of progressive proximal weakness that do not qualify as muscular dystrophies. To keep track of an increasing number of distinct forms of LGMD, a purely genetic nomenclature was introduced. 88 This nomenclature chronologically assigned LGMD1A, 1B, 1C, and so on to the autosomal dominant forms, and 2A, 2B, 2C, and so on to autosomal recessive forms. Compared with the dominant forms, autosomal recessive forms are about 10 times more common. 89 Within autosomal recessive LGMD, calpainopathy, sarcoglycanopathies, dysferlinopathy, and FKRP mutations are the most important entities. In addition, a number of other disorders not strictly subsumed under LGMD in this classification may present with LGMD-like phenotypes. Examples include facioscapulohumeral muscular dystrophy, 90 late-onset MDC1A partial deficiency of laminin-␣2, 91 ,92 X-linked EDMD, 93 and Bethlem myopathy. 94 In developing a clinical approach, age at onset and progression, the pattern of weakness and contractures, and the mode of inheritance are important clues to narrow down the differential diagnostic possibilities and pursue further directed histologic and genetic workup.
When larger numbers of patients with LGMD are compared, there seems to be a gradation according to the age at onset and clinical severity. While early-onset Duchennelike phenotypes tend to be caused by either sarcoglycan or FKRP mutations, calpain mutations more commonly present with juvenile onset and dysferlin mutations in early adulthood. 95, 96 The autosomal dominant types often show milder phenotypes, with onset in the later teens or adulthood. However, later onset is also common in FKRP mutations and can indeed occur in any type of LGMD.
Sarcoglycanopathies
This group comprises defects of ␣-, ␤-, ␦-, and ␥-sarcoglycan (LGMD2D, E, F, and C, respectively) and is frequent in the severe forms of LGMD. [37] [38] [39] [40] [41] 96, 97 The clinical picture, although more variable, resembles in many aspects that of Duchenne muscular dystrophy. The course is invariably progressive, with loss of ambulation often occurring during the second decade of life. However, especially in cases with later onset, ambulation may be preserved until adult life. Unlike Duchenne muscular dystrophy, there is no cognitive involvement and overt cardiomyopathy is less common. However, in about 30% of patients, subclinical findings on electrocardiography or echocardiography indicate dilative cardiomyopathy. 98 Patients with ␤-and ␦-sarcoglycan mutations may be at higher risk for cardiac manifestations that are clinically relevant.
Fukutin-Related Proteinopathy (LGMD2I)
As discussed earlier, mutations of the enzyme FKRP cause defects of the posttranslational O-mannose-linked glycosylation of ␣-dystroglycan, with phenotypic presentations ranging from severe CMD to mild forms of LGMD in late adulthood. 6, [9] [10] [11] The FKRP mutations are not in-
frequently a cause of LGMD, and juvenile onset seems to be the most prevalent. Characteristic features include early weakness, in particular of the upper arms, shoulders, and neck flexors. There may be mild facial weakness especially in early-onset cases. Intelligence and magnetic resonance images of the brain are normal, but dilative cardiomyopathy and respiratory failure are common and occur in more than one third of patients. 10, 11 Especially because of the cardiac involvement, there are clinical similarities to Becker muscular dystrophy. Respiratory failure may be imminent after loss of ambulation.
Calpainopathy (LGMD2A)
In this also relatively common type of LGMD, the age at onset lies in late childhood or adolescence for most patients, but can range from about 2 to 40 years. An initial scapular-humeral-pelvic distribution of muscle weakness and atrophy is characteristic and often allows for its clinical recognition. In general, calpainopathy is a more atrophic muscular dystrophy with a rather thin muscle profile and early development of contractures. Contractures can be so extensive as to mimic EDMD. Calf hypertrophy, as occurs in patients with dystrophin, sarcoglycan, or FKRP mutations, is rarely seen in these patients, but it can occur. The course is progressive, with loss of ambulation mostly in the second or third decade of life. Life expectancy, however, is close to normal.
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Dysferlinopathy (LGMD2B, Miyoshi Myopathy)
Although the initial clinical presentation can be of various types, the time of onset in dysferlinopathies seems to cluster rather homogeneously around 20 years of age. 100, 101 Possible patterns of muscle involvement include a limb-girdle phenotype, a posterior distal presentation (gastrocnemius) as Miyoshi myopathy, an anterior distal presentation, and mixed presentations, even with identical mutations. 102 In the LGMD phenotype, the periscapular muscles are relatively spared in the early course compared with other types of LGMD (eg, sarcoglycanopathies). Even in the LGMD presentation, there is often characteristic early involvement of the gastrocnemius and soleus muscles, which might lead to wasting and difficulties in walking on the toes and can also be noted by imaging. 95, 101 The weakness is slowly progressive, with loss of ambulation often in the fourth decade of life. The serum levels of creatine kinase tend to be very high, at least in early stages of the disease.
Other Autosomal Recessive LGMDs
These rare disorders include telethoninopathy ( L G M D 2 G ) , 6 4 , 1 0 3 T R I M 3 2 -r e l a t e d d y s t r o p h y (LGMD2H), 71, 104 and titinopathy (LGMD2J) 66, 105 and have so far been confined to specific pedigrees or populations.
Autosomal Dominant LGMD
Autosomal dominant LGMDs tend to have an altogether slower course and later onset, with less elevation of serum creatine kinase level compared with recessive
LGMD. They are also clinically much more heterogeneous. Some characteristics of individual disorders are shown in Table 2 . The LGMD1B (laminopathy) is allelic with autosomal dominant EDMD caused by lamin A/C mutations. 109 Possible cardiac involvement with various degrees of conduction block is comparable to that of the EDMD phenotype and necessitates early diagnosis and close follow-up. The LGMD1D (no gene identified yet) is very similar in its cardiac involvement. The phenotypic spectrum of caveolinopathy has recently broadened considerably. In addition to the LGMD phenotype (1C), possible presentations include asymptomatic elevation of blood levels of creatine kinase, 110 myalgias, 111 rippling muscle disease, 49 and distal myopathy.
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The latter phenotypes appear to be the more common presentations.
TREATMENT OPTIONS AND PERSPECTIVES
Unfortunately, there are still no curative treatment options for any of the disease entities discussed in this review. Although virus-mediated gene transfer has been demonstrated to be feasible in some animal models of muscular dystrophy, there remain major challenges before these therapies can be used in large-scale clinical trials. These include, among others, the need for an efficient, systemic delivery system and appropriate ways to control neutralizing immune responses against vector components as well as the therapeutic protein. The use of corticosteroids and creatine monohydrate as in patients with Duchenne muscular dystrophy has been reported only in individual patients or small groups with sarcoglycanopathies, 113, 114 and larger studies are needed to substantiate possible positive effects.
The principles applied to the care of patients with congenital or limb-girdle muscular dystrophies resemble in many ways those in other neuromuscular disorders such as Duchenne muscular dystrophy or spinal muscular atrophy and will not be discussed in detail here. They are best addressed by an interdisciplinary team including physical and occupational therapists, orthopedist, pulmonologist, cardiologist, and social worker in addition to the neuromuscular specialist. All therapeutic efforts have to be adjusted to the individual patient and his or her environment and should aim to maintain the patient's independence as long as possible. Relentless development of contractures and scoliosis can be a prominent problem, particularly in collagen VI-related CMD, and requires vigilant orthopedic supervision and intervention. Restrictive lung disease or weakness of respiratory muscles can occur early in some of the discussed disorders (eg, laminin-␣2 deficiency, collagen VI disorders, CMD with rigid spine syndrome, and FKRPpathy) and have to be tested for specifically. This will often require a sleep study in addition to standard pulmonary function tests to recognize the possibility of nocturnal hypoventilation. The same is true for cardiac involvement, which is more prominent in patients with sarcoglycanopathies and mutations in FKRP or lamin A/C. 
